A crude "inulinase" system from A. ficuum has been partly characterized and shown to con tain at least 3 major enzyme components:
Exo The application of endo-/exoinulinase from A. ficuum (ATCC 16882) for the production of fructose syrup has been described by Zittan. 4) More recently, we observed that when this crude inulinase system was incubated with sucrose, there was a build-up of oligosaccharides.
This indicated that in addition to the two types of inulinase, there was also fructosyltransf erase activity.
CHARACTERIZATION OF A. FIG UUM

INULINASE
In order to characterize the different enzyme components present, the following purification process was carried out.
The crude fermen tation liquor was first centrifuged to remove the mycelia and other debris, and the supernatant concentrated by ultrafiltration. This concentrate was then subjected to a fractionated ammonium sulphate precipitation. The mate rial which precipitated at 40-80% saturation was redissolved in 0.05 M acetate buffer, pH 4.1 and desalted by dialysis against the buffer. 
4.1.
The fractions which were collected from the column were monitored for enzyme activity using sucrose or inulin.
One peak, which was not retained on the column, was charac terized as ENDOINULINASE as it could hy drolyze inulin, but had little action on sucrose.
Two other peaks exhibiting activity were eluted from the CM-Sepharose CL 6B column using a sodium chloride gradient from 0-0.7 M. The peak which was eluted at the lowest ionic strength was characterized as FRUCTOSYL TRANSFERASE, as it had no action on inulin, but formed f ructooligosaccharides when incu bated with sucrose. The highest specific activity in the top fraction was found to be 240 units/ mg protein.
The third peak could hydrolyze both sucrose and inulin, and was therefore characterized as EXOINULINASE, with a specific activity of approximately 300INU/mg protein. The endoinulinase activity which was not bound to the CM-Sepharose CL 6B column was purified as follows.
The front fractions from the column were pooled, and after the pH and ionic strength had been adjusted, the sample was applied onto a DEAE-Sepharose CL 6B column which was equilibrated with 10 mM phosphate buffer pH 7.0.
The endoinu linase, which was retained on the column was eluted using a 0-0.5 M sodium chloride gra dient. A single band could be seen when the fractions were examined by SDS-PAGE electro phoresis.
The specific activity was found to be 310INU/mg protein. 
FRUCTOOLIGOSACCHARIDE ANALYSIS
The fructooligosaccharide samples were an alyzed by liquid chromatography.
Glucose, fructose and f ructooligosaccharides up to DP4 can be separated on a cation exchange resin using pure water as the eluent. Prepacked columns containing an 8% crosslinked sulfonic acid type cation exchange resin in the Ca2+ form (e.g., Bio-Rad HPX-87C) have been found suitable (Fig. 2) .
Although this system is very useful for rou tine analysis it is not possible to fully resolve 1-kestose/6-kestose/inulotetraose, sucrose/inu lotriose, or difructosedianhydride/inulobiose/ glucose. An amine modified silica column (e.g., BioRad Bio-Sil Amino 5 S) with an acetonitrile/ water eluent gives better resolution, but higher oligosaccharides are eluted only very slowly from the column (Fig. 3 ). This column can also be used for preparative work in combination with a fraction collector. Oligosaccharide fractions are collected and con centrated by freeze-drying.
Positive identifica tion can then be made by 13C-NMR spectros copy. Using this technique we have shown that the DP3 fraction of Neosugar is 1-kestose, whereas a similar fraction collected from onion contained almost equal amounts of 1-kestose and 6-kestose (Fig. 5) Fructooligosaccharide production. The The effect of temperature and pH on hydrolysis.
Hydrolysis experiments were carried out under standard conditions at differ ent pH's ( Table 2) .
The rate of hydrolysis at pH 4.5 and 5.0 was similar, but fructose formation is greater at the lower pH, presum ably due to acid catalyzed hydrolysis. The Reverse phase chromatography analysis indicated that the DP6 and DP7 peaks contained at least two major components.
We therefore carried out preparative gel-permeation chro matography as described above and isolated fractions corresponding to DP1-DP7.
By ion exchange chromatography the identities of DP1-DP4 have been determined (Table 4 ). Fructooligosaccharide production. The effect of reaction time on f ructooligosaccharide production is illustrated in Table 5 .
Using a dosage of 0.5INU/g DS, maximum DP3/DP4 was obtained in 24-48 hr under the given con ditions.
If the enzyme dosage is increased, or the reaction time prolonged, these oligosac charides will gradually be hydrolyzed to fructose.
The fructooligosaccharide syrup produced from inulin has an interesting composition because it is low in monosaccharides and disaccharides. At first sight it is similar to the chromatographically purified Neosugar P (Fig. 11) .
However, the composition is different, because few of the fructooligosac charides have a terminal glucose group. We have not studied the properties of this product in our laboratories, but we would expect it to be similar to Neosugar.9)
CONCLUSION
The original aim of our project was to develop an efficient process for the conversion of inulin to fructose using a crude "inulinase" preparation from A. ficuum. However, by identifying and characterizing some of the different enzyme components present, we were also able to study the formation of fructooligo saccharides from inulin and sucrose.
Industrial processes for the production of fructooligosaccharides from sucrose are well established.
A. ficuum fructosyltransferase has also been found suitable for this application, provided that exo-inulinase and invertase activities are absent.
The production of fructooligosaccharides from inulin using purified endoinulinase provides an interesting alternative, as a syrup low in mono and disaccharides can be made without expen sive chromatographic separation. The majority of the oligosaccharides will not be terminated by glucose, but it is expected that inulotriose and inulotetraose etc. will find similar appli cations to the 1-kestose, nystose series.
It will not be feasible to produce pure enzyme components on an industrial scale, using the chromatographic techniques described here.
In a recent patent, Meiji Seika have described a process for separating endo-and exoinulinase from an A. niger strain using solvent precipitation.10)
It should also be possible, using classical mutation techniques to remove the exoinulinase/invertase activities from our strains. The Aspergillus strain we worked with elaborated both exo-and endoinulinase. Exo inulinase will hydrolyze fructooligosaccharides to fructose, so that its presence is detrimental when using either the sucrose/fructosyltrans ferase or the inulin/endoinulinase process. Exoinulinase can be removed by cation exchange chromatography as described above, solvent precipitation (Ref. 10) or possibly classical mutation.
Your fructosyltransferase seems to be inter esting as an application enzyme.
On this subject, I have two questions to ask you. 1) What sugars are available to accept the fructosyl residue transferred by the enzyme?
2) What action does the enzyme take place in solutions of low concentrations of sucrose? 1) We have not investigated the possibility of using Am ficuum fructosyltransferase to produce heterofructooligosaccharides, using acceptor molecules other than sucrose.
2) Our work has been directed towards the production of Neosugar from sucrose, where we have been using very high substrate con centrations (50-70% w/w). At low solids e.g., 1-2%, transfer to water (i.e., hydrolysis) dominates and Neosugar production is signifi cantly lower.
In the US, crystalline fructose is produced from high fructose syrup which has been chromatographically enriched to>90% fructose. It is possible to obtain 90-95% fructose, by hydrolyzing long-chain inulin with the crude A. ficuum inulinase, without chromatographic enrichment.
This could be an attractive alter native route to crystalline fructose production, but we have not looked at the economics of the process. (Received January 19, 1989) 
